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Description

[0001] The present specification relates to systems,
methods, apparatuses, devices, articles of manufacture
and instructions for NFMI based robustness.

SUMMARY

[0002] According to an example embodiment, an ap-
paratus for near-field magnetic induction (NFMI) based
robustness, comprising: a first wireless device including
a first wireless signal interface and a first NFMI signal
interface; wherein the first wireless signal interface is
configured to receive a data set from a third wireless de-
vice; wherein the first NFMI signal interface is configured
to communicate with a second wireless device through
a second NFMI signal interface; and wherein the first
wireless device is configured to detect an error in the
data set received from the third wireless device and in
response to detecting the error configure the first NFMI
signal interface to receive the data set from the second
wireless device through the second NFMI signal inter-
face.

[0003] In another example embodiment, the first wire-
less signal interface is a primary interface for receiving
the data setand the first NFMI signal interface is a backup
interface for receiving the data set.

[0004] In another example embodiment, the data set
that the first wireless signal interface is configured to re-
ceive is a complete set of data and the data set that the
first NFMI signal interface is configured to receive is a
first subset of the complete set of data.

[0005] In another example embodiment, the complete
set of data includes stereo audio data having left audio
data and right stereo data; and the first subset of data
includes either the left audio data or the right stereo data.
[0006] In another example embodiment, the complete
set of data includes voice data having mono-audio data
and microphone data; and the first subset of dataincludes
either the mono-audio data or the microphone data.
[0007] In another example embodiment, the first wire-
less device is configured to transmit a second subset of
the complete data set over the first NFMI signal interface
to the second wireless device.

[0008] In another example embodiment, the data set
received at the first wireless signal interface and the first
NFMI signal interface is a complete set of data.

[0009] In another example embodiment, the first wire-
less device is configured to not receive the data set from
the second wireless device until the first wireless device
requests transfer of the data set.

[0010] In another example embodiment, the transfer
requestincludes at least one of: a switch roles of the first
and second wireless devices request; or a set-up a new
wireless connection with the third wireless device re-
quest.

[0011] In another example embodiment, further com-
prising the second wireless device; wherein the second
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wireless device is configured to receive the data set from
the third wireless device through a second wireless signal
interface.

[0012] In another example embodiment, the wireless
signal interface includes atleast one of: a Bluetooth Clas-
sicwireless interface, or a Bluetooth Low Energy wireless
interface.

[0013] In another example embodiment, robustness
includes at least one of: providing an alternate data set
path; a network reconfiguration; network switching; sig-
nal retransmission; or signal diversity.

[0014] In another example embodiment, the data set
is at least one of: media data; video playback data; audio
(e.g. sound) playback data; sensor data; health status
data; battery status; or device settings.

[0015] Inanother example embodiment, the error is at
least one of: an error caused by body shadowing; the
data set is no longer being received; the data set is de-
graded; the data set has a signal strength below a thresh-
old value; the data set contains digital or analog errors;
a corrupted data set error; an incomplete data set error;
or an erratic data set error.

[0016] In another example embodiment, the first and
second wireless devices are hearables; and the third
wireless device is at least one of: a smartphone; or a
wearable.

[0017] In another example embodiment, the wireless
devices include atleast one of: a microphone; an earbud;
ahearable; a smartphone; a smartwatch; a wearable de-
vice; a tablet; or a computer.

[0018] According to an example embodiment, an arti-
cle of manufacture including at least one non-transitory,
tangible machine readable storage medium containing
executable machine instructions for robustness, com-
prising: wherein the article includes, a first wireless de-
vice including a first wireless signal interface and a first
NFMI signal interface; and wherein the instructions in-
clude, configuring the first wireless signal interface to re-
ceive a data set from a third wireless device; configuring
the first NFMI signal interface to communicate with a sec-
ond wireless device through a second NFMI signal inter-
face; and configuring the first wireless signal to detect an
error in the data set from the third wireless device and in
response to detecting the error request that the second
wireless device send the data set to the first NFMI signal
interface from the second NFMI signal interface.

[0019] According to an example embodiment, a meth-
od for NFMI based robustness, comprising: receiving a
data set at a first wireless device from a third wireless
device through a wireless channel; communicating be-
tween the first wireless device and a second wireless
device through an NFMI channel; and detecting an error
in the data set that the first wireless device receives from
the third wireless device; and requesting that the second
wireless device send the data set to the first wireless
device over the NFMI channel in response to detecting
the error.

[0020] The above discussion is not intended to repre-
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sent every example embodiment or every implementa-
tion within the scope of the current or future Claim sets.
The Figures and Detailed Description that follow also ex-
emplify various example embodiments.

[0021] Various example embodiments may be more
completely understood in consideration of the following
Detailed Description in connection with the accompany-
ing Drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Figure 1 depicts a first example protocol for commu-
nication between wireless devices.

Figures 2A, 2B, 2C, 2D depict a second example
protocol for NFMI based robustness between wire-
less devices.

Figure 3 depicts a third example protocol for com-
munication between wireless devices.

Figures 4A, 4B, 4C, 4D depict a fourth example pro-
tocol for NFMI based robustness between wireless
devices.

Figures 5A, 5B depict a fifth example protocol for
NFMI based robustness between wireless devices.
Figures 6A, 6B, 6C, 6D depict a sixth example pro-
tocol for NFMI based robustness between wireless
devices.

Figures 7A, 7B, 7C, 7D depict a seventh example
protocol for NFMI based robustness between wire-
less devices.

Figures 8A, 8B depict an eighth example protocol
for NFMI based robustness between wireless devic-
es.

Figure 9is an example set ofinstructions for enabling
NFMI based robustness between wireless devices.
Figure 10 is an example system for effecting one or
more protocols for NFMI based robustness between
wireless devices.

[0023] While the disclosure is amenable to various
modifications and alternative forms, specifics thereof
have been shown by way of example in the drawings and
will be described in detail. It should be understood, how-
ever, that other embodiments, beyond the particular em-
bodiments described, are possible as well. All modifica-
tions, equivalents, and alternative embodiments falling
within the spirit and scope of the appended claims are
covered as well.

DETAILED DESCRIPTION

[0024] Wireless devices, such as wireless earbuds (al-
soknown as Hearables), in various embodiments include
embedded voice, sound and sensor capabilities. Such
wireless devices can be designed to support playback of
stereo sound from an external device such as a cell-
phone, making phone calls, responding to voice com-
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mands, detecting sound events, and so on.

[0025] Some example embodiments communicate
with a smartphone or other devices, such as tablet, com-
puters, etc., through Bluetooth Classic (BT) or through
Bluetooth Low Energy (BLE), and communicate with
each other using Near-Field Magnetic Induction (NFMI)
signals that can pass through various structures, includ-
ing the human body, and in the case of hearables,
through the human head.

[0026] While the examples discussed below tend to
focus on example embodiments which transmit and re-
ceive audio data, the teachings herein also apply to me-
dia data, video data, sensor data, medical data, battery
status, device settings and other data.

[0027] Figure 1is a first example protocol 100 for com-
munication between wireless devices. Shown in the first
example 100 is a first wireless device 102 (e.g. left ear-
bud), a second wireless device 104 (e.g. right earbud),
a third wireless device 106 (e.g. smartphone), a received
signal 108 (e.g. left and right audio signal), and a for-
warded signal 110 (e.g. right only audio signal).

[0028] This first protocol 100 shows example exchang-
es left (L) and right (R) audio channels for media (e.g.
audio, video, etc.) playback.

[0029] In this single-sided NFMI apparatus, the first
wireless device 102 (e.g. leftor perhaps called the master
earbud) includes a data connection either through: a
cloud network, a smartphone, or another device. The first
wireless device 102 effects audio playback and commu-
nication using one or more input transducers (e.g. local
microphones) and one or more output transducers (e.g.
speakers).

[0030] In this first example 100, data (e.g. audio) is
streamed to the wireless devices 102, 104 (e.g. earbuds).
The data includes a complete (e.g. L and R stereo audio)
signal which is sent to just one of the wireless devices
102 (i.e. the L earbud). Thus using Bluetooth Classic
there is just a single audio source and a single audio sink.
[0031] In this example, Near-Field Magnetic Induction
(NFMI) is used to transfer the forwarded signal 110 con-
taining a relevant portion of the audio signal (e.g. just the
R audio track) to the other wireless device 104 (e.g. R
earbud). If a user is wearing the earbuds 102, 104, then
the NFMI signal travels through and/or around the user’s
body thereby creating a full stereo audio experience at
the earbuds 102, 104.

[0032] These wireless devices (e.g. smartphones,
hearable earbuds, etc.) using the Bluetooth classic link
(i.e. channel) only communicate with one other wireless
device at a time. In some situations, however, this BT
link can be blocked when the smartphone is worn close
to a person’s body. This is called a body shadowing ef-
fect. Such a shadowing effect occurs anytime the BT link
is degraded or blocked in some way such that an accept-
able BT link cannot be maintained.

[0033] For example, body shadowing can occur when
the smartphone is wornin the right back pocket of auser’s
pants when trying to reach the left earbud. The body
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shadowing effect can be especially noticeable in outdoor
situations where reflections and multipath propagation
that might bolster the single link are absent. In this case,
both earbuds will be unable to play any music.

[0034] Figures 2A, 2B, 2C, 2D depict a second exam-
ple protocol 200 for NFMI based robustness between
wireless devices using Bluetooth Classic (BT). Robust-
ness is herein defined to include various protocols for
providing an alternate data stream, including network
reconfiguration, network switching, signal retransmis-
sion and/or signal diversity (e.g. use of multiple routes to
transmitthe same data simultaneously). This second pro-
tocol 200 also shows example exchanges for left (L) and
right (R) audio channels for media playback.

[0035] Showninthe second example 200 is a firstwire-
less device 202 (e.g. a left earbud), a second wireless
device 204 (e.g. aright earbud), and a third wireless de-
vice 206 (e.g. a smartphone). The third wireless device
206 communicates with the first and second devices 202,
204 through a primary wireless channel 208 and a backup
wireless channel 210. All the wireless devices 202, 204,
206 include a wireless signal interface to transmit and/or
receive data over the wireless channels 208, 210.
[0036] The first and second wireless devices 202, 204
also communicate through an NFMI channel 212 (e.g.
for ear-to-ear audio forwarding). The first and second
wireless devices 202, 204 (e.g. the earbuds) both include
an NFMI signal interface for exchanging data over the
NFMI channel 212.

[0037] The wireless devices 202, 204 need not be the
same in all example embodiments. In one example em-
bodiment, the wireless devices 202, 204 are two earbuds
configured to be worn by a person. In another example
embodiment, the wireless devices 202, 204 are a smart-
watch and a smartphone configured to be carried or worn
by a person. In yet another example embodiment, the
wireless devices are two or more devices positioned at
locations such that the NFMI channel 212 is still reliably
operable. The wireless devices 202, 204 thus could be:
an earbud, a hearable, a smartphone, a smartwatch, a
wearable device, a tablet, a computer, a wireless micro-
phone, etc.

[0038] In some example embodiments, both wireless
devices 202, 204 (e.g. earbuds) are substantially sym-
metric so that each can perform most, or perhaps all, of
the NFMI and wireless communications functions of the
other.

[0039] Figure 2A shows the third wireless device 206,
using BT, over the primary wireless channel 208 to com-
municate data (e.g. a stereo audio playback signal) with
the first wireless device 202. The first wireless device
202 then communicates relevant portions of the data
(e.g. Right Channel of the stereo signal) to the second
wireless device 204 over the NFMI channel 212.

[0040] Figure 2B shows an interruption in the primary
wireless channel 208 (e.g. due to body shadowing) such
that the data can no longer be communicated between
the third wireless device 206 and the first wireless device
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202. Recognizing this loss of data the first, second and
third wireless devices 202, 204, 206 internally prepare
and/or exchange signals (i.e. data) in preparation for re-
establishing wireless data communication over the back-
up wireless channel 210.

[0041] There are many possible ways for the first, sec-
ond and third wireless devices 202, 204, 206 to prepare,
including: waiting for communications to be reestab-
lished over the primary wireless channel 208 if the de-
vices 202, 204, 206 have buffering capacity; exchanging
signals and/or data over the NFMI channel 212 (e.g.
switch roles request); or sending test signals over the
primary and/or backup wireless channels 208, 210.
[0042] Figure 2C shows the third wireless device 206,
setting up a new BT connection over the backup wireless
channel 210 to communicate the data (e.g. a stereo audio
playback signal) with the second wireless device 204. In
this example, an additional "switching roles confirmation"
signal is also sent to the first wireless device 202.
[0043] Figure 2D shows that with the backup wireless
channel 210 now in operation, the second wireless de-
vice 204 then communicates relevant portions of the data
(e.g. Left Channel of the stereo signal) to the first wireless
device 202 over the NFMI channel 212.

[0044] Thusbydynamically detecting wireless connec-
tion interruptions, such as caused by body shadowing,
and having the earbuds switch roles, a user is under
many circumstances capable of listening to the audio sig-
nal in stereo. Robustness of an overall hearables system
increases since when the primary wireless channel 208
is blocked, there is a high likelihood that the backup wire-
less channel 210 can carry on with the data communica-
tion.

[0045] Figure 3 depicts a third example protocol 300
for communication between wireless devices, using
Bluetooth Low Energy 5.1 (BLE). BLE 5.1 will allow a
single audio source to stream audio to multiple audio
sinks. This third protocol 300 shows example exchanges
left (L) and right (R) audio channels for media playback.
[0046] Showninthe thirdexample 300is afirstwireless
device 302 (e.g. left earbud), a second wireless device
304 (e.g. right earbud), a third wireless device 306 (e.g.
smartphone), a first received signal 308 (e.g. left only
audio signal), and a second received signal 310 (e.g.
right only audio signal).

[0047] In this third example 300, either a complete sig-
nal (e.g. stereo audio signal) or just relevant portions of
the data (e.g. left and right audio tracks) can stream to
multiple wireless devices 302, 304 (e.g. audio sinks). For
an audio playback example, the third wireless device 306
(e.g. asmartphone) sets up separate L and R audio com-
munications links with the earbuds 302, 304.

[0048] As shown in this audio playback use case, with
separate L and R audio links 308, 310 set up to the re-
spective earbuds 302, 304, BLE enables more intrinsic
flexibility.

[0049] Figures4A, 4B, 4C, 4D depict a fourth example
protocol 400 for NFMI based robustness between wire-




7 EP 3 258 705 A1 8

less devices using Bluetooth Low Energy 5.1 (BLE). This
fourth protocol 400 shows example exchanges left (L)
and right (R) audio channels for media playback.
[0050] Shown in the fourth example 400 is a first wire-
less device 402 (e.g. a left earbud), a second wireless
device 404 (e.g. aright earbud), and a third wireless de-
vice 406 (e.g. a smartphone). The third wireless device
406 communicates with the first and second devices 402,
404 through a first wireless channel 408 (e.g. audio L)
and a second wireless channel 410 (e.g. audio R). All
the wireless devices 402, 404, 406 include a wireless
signal interface to transmit and/or receive data over the
wireless channels 408, 410.

[0051] The first and second wireless devices 402, 404
also communicate through an NFMI channel 412 (e.g.
for ear-to-ear audio forwarding). The first and second
wireless devices 402,404 (e.g. the earbuds) both include
an NFMI signal interface for exchanging data over the
NFMI channel 412.

[0052] Similar to as discussed in Figures 2A, 2B, 2C,
2D, the wireless devices 402, 404 need not be the same
in all example embodiments. Also, in some example em-
bodiments, both wireless devices 402, 404 (e.g. earbuds)
are substantially symmetric so that each can perform
most, or perhaps all, of the NFMI and wireless commu-
nications functions of the other.

[0053] Figure 4A shows the third wireless device 406,
using Bluetooth Low Energy 5.1 (BLE), over the first wire-
less channel 408 to communicate data (e.g. L stereo
channel) with the first wireless device 402 and data (e.g.
R stereo channel) to the second wireless device 404.
The NFMI channel 412 in Figure 4A is not used to ex-
change the L and R audio playback data.

[0054] Figure 4B shows an interruption (e.g. BLE con-
nection breaks) in the first wireless channel 408 (e.g.
perhaps due to body shadowing) such that the data can
no longer be communicated between the third wireless
device 406 and the first wireless device 402. Recognizing
this loss of data the first, second and third wireless de-
vices 402, 404, 406 internally prepare and/or exchange
signals in preparation for communicating data the first
wireless device’s 402 data over the second wireless
channel 410.

[0055] Asintroduced in Figures 2A, 2B, 2C, 2D, there
are many possible ways for the first, second and third
wireless devices 402, 404, 406 to prepare for this recon-
figuration. Figure 4B shows the first wireless device 402
sending an "audio request" to the second wireless device
404 over the NFMI channel 412.

[0056] Figure 4C shows the second wireless device
404 sending a "request L audio" to the third wireless de-
vice 406 (e.g. smartphone) over the second wireless
channel 410 and an "audio available confirmation" to the
first wireless device 402 over the NFMI channel 412.
[0057] Figure 4D shows the third wireless device 406
transmitting both sets of data (e.g. audio L + R) over the
second wireless channel 410 to the second wireless de-
vice 404. With the second wireless channel 410 now re-
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ceiving acomplete set of stereo data, the second wireless
device 404 then communicates relevant portions of the
data (e.g. Left Channel of the stereo signal) to the first
wireless device 402 over the NFMI channel 412.

[0058] Thusbydynamically detecting wireless connec-
tion interruptions, such as caused by body shadowing,
and having the NFMI channel 412 between the first and
second wireless devices 402, 404, a user is under many
circumstances capable of listening to the audio signal in
stereo. Robustness of an overall hearables system in-
creased.

[0059] While setting up the new L audio routing does
enable the first wireless device 402 (e.g. left earbud) to
receive its data, this channel set up may take a user no-
ticeable amount of time leading to a drop in audio play-
back quality, unless sufficient data buffering is added to
each earbud 402, 404.

[0060] Figures 5A, 5B depict a fifth example protocol
500 for NFMI based robustness between wireless devic-
es using BLE. This fifth protocol 500 also shows example
exchanges left (L) and right (R) audio channels for media
playback.

[0061] Shown in the fifth example 500 is a first wireless
device 502 (e.g. a left earbud), a second wireless device
504 (e.g. aright earbud), and a third wireless device 506
(e.g. a smartphone). The third wireless device 506 com-
municates with the first and second devices 502, 504
through a first wireless channel 508 (e.g. audio L) and a
second wireless channel 510 (e.g. audio R). All the wire-
less devices 502, 504, 506 include a wireless signal in-
terface to transmit and/or receive data over the wireless
channels 508, 510.

[0062] The first and second wireless devices 502, 504
also communicate through an NFMI channel 512 (e.g.
for ear-to-ear audio exchange). The first and second
wireless devices 502, 504 (e.g. the earbuds) both include
an NFMI signal interface for exchanging data over the
NFMI channel 512.

[0063] Figure 5A shows the third wireless device 506,
using BLE, over the first wireless channel 508 to com-
municate a complete set of data (e.g. both L and R stereo
channels) with both the first wireless device 502 and the
second wireless device 504. In one example embodi-
ment, the NFMI channel 512 in Figure 5A is not yet used
to exchange either L or R audio playback data. In another
example embodiment, the NFMI channel 512 in Figure
5A is used to continuously exchange L and R audio play-
back data.

[0064] Figure 5B shows an interruption (e.g. BLE con-
nection breaks) in the first wireless channel 508 such that
the data can no longer be communicated between the
third wireless device 506 and the first wireless device
502. Recognizing this loss of data the first wireless device
502 immediately reconfigures to source its relevant data
(e.g. the L audio channel) from the second wireless de-
vice 504 over the NFMI channel 512, instead of from the
third wireless device 506 over the first wireless channel
508. In various examples the third wireless device 506



9 EP 3 258 705 A1 10

(e.g. smartphone) may or may not be aware of the inter-
ruption in the first wireless channel 508.

[0065] Thus by transmittinga complete set of data (e.g.
both L and R stereo channels) to both the first wireless
device 502 and the second wireless device 504 and con-
tinuously exchanging the L and R audio playback data
over the NFMI channel 512, a user is under many cir-
cumstances capable of listening to the audio signal in
stereo. Robustness of the overall hearables system is
thus increased.

[0066] Since in this set of example embodiments, both
of the wireless devices 502, 504 have dual sources for
their required information, there is minimal latency in
reconfiguring the devices 502, 504 and such reconfigu-
ration is unlikely to be noticed by a user. This way, ro-
bustness is guaranteed with almost immediate switch-
over such that audio drops can be avoided altogether.
[0067] Figures 6, 7 and 8 extend the protocols intro-
duced above for audio playback to other use cases such
as two way data exchanges (e.g. audio and microphone),
such as for voice calls, voice recognition, sound record-
ing, and sensor or other data exchange.

[0068] Figures 6A, 6B, 6C, 6D depict a sixth example
protocol 600 for NFMI based robustness between wire-
less devices using Bluetooth Classic (BT). This sixth pro-
tocol 600 shows example two way data exchanges (e.g.
audio and microphone) for voice calls, voice recognition,
sound recording, and data.

[0069] Shown in the sixth example 600 is a first wire-
less device 602 (e.g. a left earbud), a second wireless
device 604 (e.g. aright earbud), and a third wireless de-
vice 606 (e.g. a smartphone). The third wireless device
606 communicates with the first and second devices 602,
604 through a primary wireless channel 608 and a backup
wireless channel 610. All the wireless devices 602, 604,
606 include a wireless signal interface to transmit and/or
receive data over the wireless channels 608, 610.
[0070] The first and second wireless devices 602, 604
also communicate through an NFMI channel 612 (e.g.
for earbud-to-earbud audio and signal exchange). The
first and second wireless devices 602, 604 (e.g. the ear-
buds) both include an NFMI signal interface for exchang-
ing data over the NFMI channel 612.

[0071] Figure 6A shows the third wireless device 606,
using Bluetooth Classic (BT), over the primary wireless
channel 608 to communicate data (e.g. a voice call with
mono-audio and microphone signals) with the first wire-
less device 602. The first wireless device 602 then com-
municates relevant portions of the data (e.g. mono-audio
signal) to the second wireless device 604 over the NFMI
channel 612.

[0072] Figure 6B shows an interruption in the primary
wireless channel 608 (e.g. perhaps due to body shadow-
ing) such that the data can no longer be communicated
between the third wireless device 606 and the first wire-
less device 602. Recognizing this loss of data the first,
second and third wireless devices 602, 604, 606 inter-
nally prepare and/or exchange signals in preparation for
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reestablishing wireless data communication over the
backup wireless channel 610. In this example, an addi-
tional "switching roles request" signal is also sent from
the first wireless device 602 to the second wireless device
604 over the NFMI channel 612.

[0073] Figure 6C shows the third wireless device 606,
setting up a new BT connection over the backup wireless
channel 610 to communicate the data (e.g. a voice call
with audio and microphone signals) with the second wire-
less device 604. In this example, an additional "switching
roles confirmation" signal is also sent from the second
wireless device 604 to the first wireless device 602 over
the NFMI channel 612.

[0074] Figure 6D shows that with the backup wireless
channel 610 now in operation, the second wireless de-
vice 604 then communicates relevant portions of the data
(e.g. mono-audio signal) to the first wireless device 602
over the NFMI channel 612.

[0075] Figures 7A, 7B, 7C, 7D depict a seventh exam-
ple protocol 700 for NFMI based robustness between
wireless devices using Bluetooth Low Energy 5.1 (BLE).
This seventh protocol 700 also shows example two way
data exchanges (e.g. mono-audio and microphone) for
voice calls, voice recognition, sound recording, and data.
[0076] Shown in the seventh example 700 is a first
wireless device 702 (e.g. aleftearbud), asecond wireless
device 704 (e.g. aright earbud), and a third wireless de-
vice 706 (e.g. a smartphone). The third wireless device
706 communicates with the firstand second devices 702,
704 through afirst wireless channel 708 (e.g. mono-audio
and microphone) and a second wireless channel 710
(e.g. mono-audio only). Allthe wireless devices 702, 704,
706 include a wireless signal interface to transmit and/or
receive data over the wireless channels 708, 710.
[0077] The first and second wireless devices 702, 704
also communicate through an NFMI channel 712 (e.g.
for earbud-to-earbud audio and signal exchange). The
first and second wireless devices 702, 704 (e.g. the ear-
buds) both include an NFMI signal interface for exchang-
ing data over the NFMI channel 712.

[0078] Figure 7A shows the third wireless device 706,
using Bluetooth Low Energy 5.1 (BLE), over the first wire-
less channel 708 to communicate data (e.g. mono-audio
and microphone) with the first wireless device 702 and
data (e.g. mono-audio only) to the second wireless de-
vice 704. The NFMI channel 712 in Figure 7A is not yet
used to exchange the voice call data.

[0079] Figure 7B shows an interruption (e.g. BLE con-
nection breaks) in the first wireless channel 708 such that
the data can no longer be communicated between the
third wireless device 706 and the first wireless device
702. Recognizing this loss of data the first, second and
third wireless devices 702, 704, 706 internally prepare
and/or exchange signals in preparation for communicat-
ing data the first wireless device’s 702 data over the sec-
ond wireless channel 710. In this example, the first wire-
less device 702 also sends an "audio request" to the sec-
ond wireless device 704 over the NFMI channel 712.
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[0080] Figure 7C shows the second wireless device
704 sending a "request microphone" message to the third
wireless device 706 (e.g. smartphone) over the second
wireless channel 710 and an "audio available confirma-
tion" to the first wireless device 702 over the NFMI chan-
nel 712. The "request microphone" message configures
the second wireless device 704 to send either its own
microphone signal, or the microphone signal from the
first wireless device 702 received over the NFMI channel
712, to the third wireless device 706.

[0081] Figure 7D shows the third wireless device 706
transmitting both sets of data (e.g. mono-audio and mi-
crophone) over the second wireless channel 710 to the
second wireless device 704. With the second wireless
channel 710 now exchanging a complete set of data, the
second wireless device 704 then communicates relevant
portions of the data (e.g. mono-audio) to the first wireless
device 702 over the NFMI channel 712.

[0082] Figures 8A, 8B depict an eighth example pro-
tocol 800 for NFMI based robustness between wireless
devices. This eighth protocol 800 also shows example
two way data exchanges (e.g. mono-audio and micro-
phone) for voice calls, voice recognition, sound record-
ing, and data.

[0083] Shown inthe eighth example 800 is a first wire-
less device 802 (e.g. a left earbud), a second wireless
device 804 (e.g. aright earbud), and a third wireless de-
vice 806 (e.g. a smartphone). The third wireless device
806 communicates with the first and second devices 802,
804 through afirst wireless channel 808 (e.g. mono-audio
and first microphone) and a second wireless channel 810
(e.g. mono-audio and second microphone). All the wire-
less devices 802, 804, 806 include a wireless signal in-
terface to transmit and/or receive data over the wireless
channels 808, 810.

[0084] The first and second wireless devices 802, 804
also communicate through an NFMI channel 812 (e.g.
for earbud-to-earbud mono-audio and signal exchange).
The first and second wireless devices 802, 804 (e.g. the
earbuds) both include an NFMI signal interface for ex-
changing data over the NFMI channel 812.

[0085] Figure 8A shows the third wireless device 806,
using BLE, over the first wireless channel 808 to com-
municate a complete set of data (e.g. both mono-audio
and microphone signal) with both the first wireless device
802 and the second wireless device 804. In one example
embodiment, the NFMI channel 812 in Figure 8A is not
yet used to exchange either the mono-audio or micro-
phone data. In another example embodiment, the NFMI
channel 812 in Figure 8A is used to continuously ex-
change the mono-audio and microphone data.

[0086] Figure 8B shows an interruption (e.g. BLE con-
nection breaks) in the first wireless channel 808 such that
the data can no longer be communicated between the
third wireless device 806 and the first wireless device
802. Recognizing this loss of data the first wireless device
802 immediately reconfigures to source its relevant data
(e.g. the mono-audio) from the second wireless device
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804 over the NFMI channel 812, instead of from the third
wireless device 806 over the first wireless channel 808.
In various examples the third wireless device 806 (e.g.
smartphone) may or may not be aware of the interruption
in the first wireless channel 808.

[0087] Thus by transmittingacomplete setofdata (e.g.
both mono-audio and microphone) to both the first wire-
less device 802 and the second wireless device 804 and
continuously exchanging the mono-audio and micro-
phone data over the NFMI channel 812, a user is under
all circumstances capable of continuing the voice call
and/or other data exchange. Robustness of the overall
hearables system is thus increased.

[0088] Since in this set of example embodiments, both
of the wireless devices 802, 804 have dual sources for
their required information, there is minimal latency in
reconfiguring the devices 802, 804 and such reconfigu-
ration is unlikely to be noticed by a user. This way, ro-
bustness is guaranteed with almost immediate switch-
over such that audio drops can be avoided altogether.
[0089] Thus as discussed above, the near-field mag-
netic induction (NFMI) channel enables multiple wireless
devices (e.g. both earbuds) to communicate reliably with
each other, thereby substantially improving an overall
communications robustness. NFMI enables data (e.g.
audio) transfer even when there is various degrees of
body shadowing. The low latency and ultra-low power
aspects of NFMI further enhance a user’s experience.
[0090] Figure 9 is an example set of instructions for
enabling NFMI based robustness between wireless de-
vices. The order in which the instructions are discussed
does not limit the order in which other example embod-
iments implement the instructions unless otherwise spe-
cifically stated. Additionally, in some embodiments the
instructions are implemented concurrently.

[0091] A first example instruction set begins in 902, by
receiving a data set at a first wireless device from a third
wireless device through a wireless channel. In 904, com-
municating between the first wireless device and a sec-
ond wireless device through an NFMI channel. Then in
906, detecting an error in the data set that the first wire-
less device receives from the third wireless device. And
in 908, requesting that the second wireless device send
the data set to the first wireless device over the NFMI
channel in response to detecting the error.

[0092] The instructions can be augmented or replaced
with one or more of the following additional instructions,
presented in no particular order: 910 - Configuring the
first wireless device to not receive the data set from the
second wireless device until the first wireless device re-
quests transfer of the data set. 912 - In response to the
transfer request, at least one of: switching roles of the
first and second wireless devices request; or setting-up
a new wireless connection with the third wireless device
request.

[0093] Note thattheinstructions and/orflowchart steps
inthe above Figures can be executed in any order, unless
a specific order is explicitly stated. Also, those skilled in
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the art will recognize that while one example set of in-
structions/method has been discussed, the material in
this specification can be combined in a variety of ways
to yield other examples as well, and are to be understood
within a context provided by this detailed description.
[0094] Figure 10 is an example system 1000 for effect-
ing one or more protocols for NFMI based robustness
between wireless devices. The system 1000 shows an
input/output data 1002 interface with an electronic appa-
ratus 1004. The electronic apparatus 1004 includes a
processor 1006, a storage device 1008, and a non-tran-
sient machine-readable storage medium 1010. The ma-
chine-readable storage medium 1010 includes instruc-
tions 1012 which control how the processor 1006 re-
ceives input data 1002 and transforms the input data into
output data 1002, using data within the storage device
1008. Example instructions 1012 stored in the machine-
readable storage medium 1010 are discussed elsewhere
in this specification. The machine-readable storage me-
dium in an alternate example embodiment is a non-tran-
sient computer-readable storage medium.

[0095] One example discloses an apparatus for near-
field magnetic induction (NFMI) based robustness, in-
cluding: a first wireless device including a first wireless
signal interface and a first NFMI signal interface; wherein
the first wireless signal interface is configured to receive
a data set from a third wireless device; wherein the first
NFMI signal interface is configured to communicate with
a second wireless device through a second NFMI signal
interface; and wherein the first wireless device is config-
ured to detect an error in the data set received from the
third wireless device and in response to detecting the
error configure the first NFMI signal interface to receive
the data set from the second wireless device through the
second NFMI signal interface.

[0096] The processor (such as a central processing
unit, CPU, microprocessor, application-specific integrat-
ed circuit (ASIC), etc.) controls the overall operation of
the storage device (such as random access memory
(RAM) for temporary data storage, read only memory
(ROM) for permanent data storage, firmware, flash mem-
ory, external and internal hard-disk drives, and the like).
The processor device communicates with the storage
device and non-transient machine-readable storage me-
dium using a bus and performs operations and tasks that
implement one or more instructions stored in the ma-
chine-readable storage medium. The machine-readable
storage medium in an alternate example embodiment is
a computer-readable storage medium.

[0097] Example embodiments of the material dis-
cussed in this specification can be implemented in whole
or in part through network, computer, or data based de-
vices and/or services. These may include cloud, internet,
intranet, mobile, desktop, processor, look-up table, mi-
crocontroller, consumer equipment, infrastructure, or
other enabling devices and services. As may be used
herein and in the claims, the following non-exclusive def-
initions are provided.
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[0098] In this specification, example embodiments
have been presented in terms of a selected set of details.
However, a person of ordinary skill in the art would un-
derstand that many other example embodiments may be
practiced which include a different selected set of these
details. It is intended that the following claims cover all
possible example embodiments.

Claims

1. An apparatus for near-field magnetic induction (NF-
MI) based robustness, comprising:

a first wireless device including a first wireless
signal interface and afirst NFMI signal interface;
wherein the first wireless signal interface is con-
figured toreceive a data set from a third wireless
device;

wherein the first NFMI signal interface is config-
ured to communicate with a second wireless de-
vice through a second NFMI signal interface;
and

wherein the first wireless device is configured to
detect an error in the data set received from the
third wireless device and in response to detect-
ing the error configure the first NFMI signal in-
terface to receive the data set from the second
wireless device through the second NFMI signal
interface.

2. The apparatus of claim 1:

wherein the first wireless signal interface is a
primary interface for receiving the data set and
the first NFMI signal interface is a backup inter-
face for receiving the data set.

3. The apparatus of claim 1 or 2:

wherein the data set that the first wireless signal
interface is configured to receive is a complete
set of data and the data set that the first NFMI
signal interface is configured to receive is a first
subset of the complete set of data.

4. The apparatus of claim 3:

wherein the complete set of data includes stereo
audio data having left audio data and right stereo
data; and

wherein the first subset of data includes either
the left audio data or the right stereo data.

5. The apparatus of claim 3 or 4:

wherein the complete set of data includes voice
data having mono-audio data and microphone
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data; and
wherein the first subset of data includes either
the mono-audio data or the microphone data.

The apparatus of any of claims 3 to 5:

wherein the first wireless device is configured to
transmit a second subset of the complete data
set over the first NFMI signal interface to the
second wireless device.

The apparatus of any preceding claim:

wherein the data setreceived atthe first wireless
signal interface and the first NFMI signal inter-
face is a complete set of data.

The apparatus of any preceding claim:

wherein the first wireless device is configured to
notreceive the data setfrom the second wireless
device until the first wireless device requests
transfer of the data set.

The apparatus of claim 8:

wherein the transfer request includes at least
one of: a switch roles of the first and second
wireless devices request; or a set-up a new wire-
less connection with the third wireless device
request.

The apparatus of any preceding claim:

further comprising the second wireless device;
wherein the second wireless device is config-
ured to receive the data set from the third wire-
less device through a second wireless signal in-
terface.

The apparatus of any preceding claim:

wherein the wireless signal interface includes at
least one of: a Bluetooth Classic wireless inter-
face, or a Bluetooth Low Energy wireless inter-
face.

The apparatus of any preceding claim:
wherein robustness includes atleast one of: pro-
viding an alternate data set path; a network
reconfiguration; network switching; signal re-
transmission; or signal diversity.

The apparatus of any preceding claim:

wherein the data set is at least one of: media
data; video playback data; audio (e.g. sound)
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playback data; sensor data; health status data;
battery status; or device settings.

14. The apparatus of any preceding claim:

wherein the error is at least one of: an error
caused by body shadowing; the data set is no
longer being received; the data set is degraded;
the data set has a signal strength below a thresh-
old value; the data set contains digital or analog
errors; a corrupted data set error; an incomplete
data set error; or an erratic data set error.

15. The apparatus of any preceding claim:

wherein the first and second wireless devices
are hearables; and

wherein the third wireless device is at least one
of: a smartphone; or a wearable.
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SET TO THE FIRST WIRELESS DEVICE OVER THE NFMI
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908
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QDDITIONAL SET OF INSTRUCTION9
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DEVICE REQUESTS TRANSFER OF THE DATA SET
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IN'RESPONSE TO THE TRANSFER REQUEST, AT LEAST ONE OF;
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